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ABSTRACT 


A  compilation  of  Ti-6Al-6V-2Sn  fatigue  data  is  presented  for  a  number 
of  different  material  forms  and  conditions.  Stress  versus  log  cycles  to 
failure  (S-N)  curves  or  master  diagrams,  or  both,  for  annealed,  solution- 
treated  and  aged  (STA),  and  thermomechanically  worked  (TMW)  material 
are  included.  Room-temperature  and  high-temperature  data  are  presented. 
The  data  are  organized  according  to  material  form,  such  as  sheet,  plate, 
rolled  bar,  forging,  and  extrusion.  Crack-propagation  behavior  in  air  and 
salt  water  is  also  included.  The  general  characteristics  of  Ti-6Al-6V-2Sn 
fatigue  are  discussed  and  compared  with  those  for  other  titanium  clloys. 
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I.  INTRODUCTION 


Considerable  amounts  of  titanium  alloy  are  used  for  missile  and  aircraft 
structures.  For  these  applications,  Ti-6A1  -6V-2Sn  is  currently  being 
considered.  A  full  evaluation  of  the  potential  of  this  alloy  for  aerospace  struc¬ 
tures  requires  knowledge  of  its  fatigue  behavior  in  various  material  forms  under 
different  test  conditions. 

The  fatigue  properties  can  be  expressed  in  terms  of  crack  initiation 
and  crack  propagation.  This  division  is  significant  because  cracks  or  flaws 
can  easily  be  introduced  into  structural  materials  during  fabrication.  The 
design  life  of  flawed  structures  depends  mainly  on  the  crack  propagation 
properties  of  the  material.  Even  in  the  absence  of  flaws,  high- stress  or 
low-cycle  fatigue  reflects  crack-propagation  behavior  because  crack  initiation 
accounts  for  only  5  to  30  percent  of  the  life-to-failure  under  these  conditions. 

The  majority  of  the  T1-6A1 -6V-2Sn  fatigue  data  is  in  the  form  of  stress 
versus  log  cycles  to  failure  (S-Nl  curves  that  do  not  distinguish  between 
crack  initiation  and  crack  propagation.  A  small  amount  of  information  is 
available  pertaining  to  crack  propagation  in  Ti-6Al-6V-2Sn,  but  practically 
no  data  exist  on  crack  initiation  life. 

The  material  conditions  that  influence  the  fatigue  behavior  of  this  alloy 
include  processing  variables,  thickness,  heat  treatment,  and  oxygen  content. 

The  test  variables  that  influence  fatigue  life  include  temperature,  environment, 
specimen  geometry,  stress  ratio,  and  type  of  loading.  This  report  summar¬ 
izes  the  available  information  pertaining  to  Ti-6Al -6V-2Sn  fatigue  behavior 
under  a  variety  of  material  conditions  and  test  variables. 


II.  COMPARISON  OF  Ti-6AI-6V-2Sn  and  Ti-6AI-4V 
MECHANICAL  PROPERTIES 

The  significance  of  Ti-6Al-6V-2Sn  fatigue  behavior  is  best  appreciated 
in  the  light  of  other  mechanical  properties,  such  as  strength,  ductility,  and 
fracture  toughness.  It  is  appropriate  to  compare  Ti-6A1  -6V-2Sn  and  Ti-6A1-4V 
mechanical  properties  because  the  latter  is  the  most  widely  used  alpha-beta 
titanium  alloy.  Some  important  mechanical  properties  for  these  materials 
are  given  in  Table  I  for  the  solution  treated  and  aged  (STA)  and  annealed 
conditions.  It  is  evident  from  this  table  that  in  an  equivalent  hea'c- treatment 
condition  the  yield  and  ultimate  strengths  of  Ti-6Al-6V-2Sn  are  greater 
than  those  for  Ti-6A1-4V.  However,  yield  and  ultimate  strengths  of 
Ti-6Al-6V-2Sn  in  the  annealed  condition  are  similar  to  those  of  Ti-6A1-4V 
in  the  STA  condition.  The  ductility,  as  measured  by  percent  elongation, 
is  somewhat  less  for  Ti-6Al-6V-2Sn  than  for  Ti-6A1-4V  in  the  annealed 
condition  but  is  the  same  in  the  STA  condition.  The  plane -strain  fracture 
toughness  (Kjc)  of  Ti-t  Al-6V-2Sn  is  significantly  less  than  that  for 
Ti-6Al-4V,  even  when  comparing  Ti-6Al-6V-2Sr.  in  the  annealed  condition 
to  Ti-6A1-4V  in  the  STA  condition. 

When  compared  on  a  strength/density  basis,  many  Ti-6A1-4V  strength 
properties  are  superior  to  Ti-6Al-6V-2Sn  for  equivalent  heat- treatment 
conditions.  Specific  strength  properties  for  sheet  material  of  both  alloys 
at  low,  room,  and  elevated  temperatures  are  given  in  Table  II.  The  low- 
temperature,  specific  tensile  yield  strength  {F,  /P;is  essentially  the  same  for 
both  materials  in  either  the  STA  or  annealed  conditions.  The  specific  tensile 
ultimate  strength  (F^/p)  of  Ti-6A1 -6V-2Sn  is  greater  than  that  for  Ti-6A1-4V 
in  the  annealed  condition  but  less  than  that  for  the  Ti-6A1-4V  in  the  STA  condi¬ 
tion.  The  room-temperature  (RT)  specific  tensiie  properties  are  greater  for 
Ti-6A1 -6V-2Sn  than  for  Ti-6A.i-4V,  but  the  reverse  is  true  for  the  compres¬ 
sive  properties  (F^/p).  All  of  the  high-temperature,  specific  strength 
properties  of  the  Ti-6A1 -6V-2Sn  are  superior  to  those  of  Ti-6A1-4V. 
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III,  Ti-6AI-6V-2Sn  FATIGUE  LITERATURE 


Scientific  literature  was  searched  to  survey  Ti-6Al-6V-2Sn  fatigue 
data.  The  reference  sources  that  were  examined  include  Metallurgical 
Abstracts  published  jointly  by  ASM  and  the  Institute  of  Metals  and  International 
Aerospace  Abstracts  published  by  the  AIAA  in  cooperation  with  NASA.  These 
sources  cover  both  English  language  and  foreign  journals.  Reference 
sources  that  cover  .government  reports  and  information  not  available  in 
open  literature  were  also  searched,  including  Scientific  and  Technical 
Aerospace  Reports  published  by  NASA  and  Technical  Abstract  Bulletins 
published  by  DOD.  Additional  references  were  obtained  by  direct  contact 
with  the  Defense  Metals  Information  Center  and  with  the  technical  department 
of  the  Titanium  Metals  Corporation  of  America. 

A  total  of  25  references  were  found  that  contained  Ti-6Ai-6V~2Sn 
fatigue  information.  Table  III  is  a  breakdown  of  the  contents  of  these 
references.  Mo3t  of  the  Ti-6Al-6V;-2Sn  fatigue  data  are  for  room-temperature, 

S-N  behavior  in  air.  The  most  numerous  references  found  were  for  data  on  forgings 
in  the  STA  condition.  Considerably  less  data  pertaining  to  high-temperature,  S-N 
behavior  are  available,  and  no  data  were  found  for  low -temperature  behavior.  Only 
three  references  were  found  that  contained  information  on  crack-propagation  rate 
in  either  salt  water  or  air.  Of  these,  two  presented  the  results  in  terms  of  stress 
intensity. 
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I,V.  ROOM- TEMPERATURE,  S-N  FATIGUE  BEHAVIOR 


Ti-6AI-6V-2Sn  fatigue  data  are  available  for  a  variety  of  forms,  heat- 
treatment  conditions,  thicknesses,  and  oxygen  contents.  Specific  treatments 
and  resulting  properties  are  given  in  Table  IV  for  the  annealed  condition,  in 
Table  V  fcr  the  STA  condition,  and  in  Table  VI  for  special  TMV  treatments. 

A  number  has  been  assigned  to  each  material  reported.  This  number  will 
also  be  used  for  fatigue  data  presented  in  this  report  to  identify  the  specific 
material.  The  material  forms  for  which  data  have  been  accumulated  include 
sheet,  plate,  bar,  beta  forgings,  alpha-beta  forgings,  and  extrusions. 

Although  the  chemical  composition  of  each  material  reported  is  different, 
only  the  oxvger,  level  is  given  in  the  tables,  because  if  has  the  greatest  effect 
on  mechanical  properties  over  the  permissible  range  of  variation.  The 
complete  chemical  composition  of  the  materials  can  be  obtained  from  the 
original  source.  , 

A.  ANNEALED  CONDITION 

Table  VII  is  a  summary  of  Ti-6A1 -6V-2Sn  fatigue  strength  in  the 
annealed  condition.  The  fatigue  strength  is  influenced  by  the  material  form 
and  the  stress  ratio'(R).  Figure  1  shows  the  maximum  stress  at  10^  cycles 
for  unnotched  specimens  and  for  notched  specimens  with  stress  concentration 
factors (K^,) of  3.  The  greatest  fatigue  strength  for  the  annealed  material  occurs 
in  the  sheet  form.  Plate  material  has  20-ksi-less  fatigue  strength.  Forged 
material  appears  to  have  the  same  fatigue  strength  as  plate  material.  The 
fatigue  strength  of  annealed  extrusions  may  be  10  ksi  below  that  of  forgings 
and  plate  material.  Sheet  material  also  appears  to  have  greater  fatigue 
strength  than  plate  in  the  notched  condition,  but  the  difference  is  not  as  great 
as  in  the  unnotched  specimens. 

Some  recent  work  at  Grumman  Aircraft  Engineering  Company  (Ref.  18), 
indicates  that  the  edge  condition  can  affect  fatigue  life  of  annealed  sheet.  A 
significant  improvement  of  fatigue  life  is  found  for  sheet  with  filed  rather 
than  belt  ground  edges  (Fig.  2). 
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For  sheet  material  in  the  annealed  condition,  S-N  data  are  given  in 
Figs.  3  through  5.  The  scatter  appears  to  be  greatest  for  unnotched  speci¬ 
mens  with  R  «  0,  1.  Figure  6  is  a  mastei  diagram  (modifie.d  Goodman 
diagram)  for  annealed  sheet  material  in  the  unnotched  condition. 

Figures  7  through  10  give  S-N  behavior  of  annealed  plate  for  R  rang¬ 
ing  from  -  i  to  0.  3  in  the  notched  and  unnotched  condition.  A  slight  but 
definite  dependence  of  fatigue  life  on  oxygen  content  of  the  material  can  be 
seen  in  Fig,  10  for  the  unnotched  conditions.  In  the  notched  condition,  the 
dependence  was  quite  pronounced  with  the  lower  oxygen  material  having  the 
greater  fatigue  strength.  A  master  diagram  for  unnotched  annealed  plate  is 
given  in  Fig.  11. 

Stress  versus  log  cycle  to  failure  (S-N)  of  annealed  forged  material 
is  given  in  Figs.  12  through  21.  There  is  no  significant  difference  in 
fatigue  behavior  for  beta  processed  and  alpha-beta  processed  forgings  in 
the  unnotched  (Fig.  13)  and  notched  (Fig.  19)  conditions. 

Figure  22  gives  the  unnotched,  S-N  behavior  of  annealed  extrusions. 

This  curve  lies  somewhere  below  that  of  annealed  forged  material  of  similar 
stress  ratios  (Fig.  7).  Notched,  S-N  fatigue  behavior  for  annealed  extrusions 
from  two  different  sources  are  given  in  Figs.  23  and  24.  Figure  25  is  the 
mastor  diagram  for  annealed  extrusions  in  the  notched  condition. 

B.  SOLUTION  TREATED  AND  AGED  (STA)  CONDITION 

7 

The  Ti-6Al-6V-2Sn  fatigue  strength  at  10  cycles  in  the  STA  condition 
is  given  in  Table  VUI  and  Figs.  26  (unnotched)  and  27  (notched,  =  3). 

For  both  the  unnotched  and  notched  data,  no  significant  differences  in  fatigue 
life  occur  among  the  different  processing  forms. 

For  unnotched  and  notched  (K^  =  4.  2)  specimens  tested  at  R  =  0.  1,  the  S-N 
behavior  of  STA  sheet  is  given  in  Fig.  28.  Figures  29  and  30  give  unnotched,  S-N 
data  from  two  difference  sources  for  STA  plate  A  difference  of  20  ksi  in 
strength  between  the  two  sources  (Materials  No.  16  and  17)  can  be  seen 
when  comparing  the  curves  for  R  =1.  Similar  differences  in  fatigue  be¬ 
havior  between  these  materials  can  also  be  seen  in  the  master  diagrams 
(Figs.  31  and  32).  Figure  33  is  an  S-N  curve,  and  Fig.  34  is  a  master 


diagram  for  notched  specimens  of  STA  plate  material. 


The  effect  of  oxygen  on  the  fatigue  behavior  of  STA  sheet  is  given  in 
Fig.  35  for  both  unnotched  and  notched  (K^,  =  3.  5)  specimens.  A  slightly 
higher  fatigue  life  is  noted  for  the  lower  oxygen- content  (0.  11  percent) 
material  compared  with  the  higher  oxygen-content  (0.  18  percent)  material 
in  the  unnotched  condition.  In  the  notched  condition,  however,  the  fatigue 
life  is  significantly  greater  for  the  low-oxygen  material.  The  sensitivity 
of  notched  fatigue  strength  to  oxygen  appears  to  be  more  severe  in  the  STA 
condition  than  in  the  annealed  condition  (Fig.  10).  The  fatigue  life  in  the 
longitudinal  direction  is  somewhat  greater  than  in  the  transverse  direction 
of  1-in.  thick  STA  plate  (Fig.  35). 

The  unnotched,  S-N  behavior  for  thick  (2 -in.  )  STA  plate  appears  to  differ 
from  that  for  the  1-in.  STA  plate.  Figure  36  shows  that  the  fatigue  life  at  the 
higher  stresses  appears  to  be  significantly  less  for  the  2-in.  plate  for 
specimens  tested  in  the  longitudinal  direction.  The  notched  fatigue  behavior 
appears  to  be  similar  for  the  two  thicknesses. 

The  unnotched,  S-N  behavior  of  STA  forgings  tested  in  the  longitudinal 
and  transverse  directions  are  shown  in  Fig.  37.  Both  low-oxygen  and 
standard-oxygen  materials  were  tested  in  the  longitudinal  direction  and  no 
significant  difference  was  found.  The  transverse  specimen  may  have  a 
slightly  greater  fatigue  life  than  the  longitudinal  specimen;  however, 
sufficient  data  are  not  available  to  confirm  this. 

A  difference  in  fatigue  behavior  for  STA  forgings  of  different  oxygen 

content  is  apparent  when  tested  in  the  notched  condition.  Figure  38  shows 

4  7 

that  in  the  life  range  between  10  and  10  cycles,  the  lower-oxygen  content 
material  has  a  greater  notched  fatigue  strength. 

Both  beta-forged  and  alpha-beta-forged  specimens  have  similar  unnotched 
and  notched  fatigue  behavior  in  the  STA  condition  as  shown  in  Fig.  39.  This 
behavior  is  similar  to  that  for  annealed  forgings.  The  unnotched  and  notched 
fatigue  behavior  of  STA  forgings  tested  at  R  =  -1  are  shown  in  Fig.  40. 

The  S-N  behavior  for  the  material  designated  Strut  Forging  No.  2  (Material 
No.  32)  was  significantly  different  from  that  of  the  other  materials  tested. 
Microstructural  examination  of  this  material  revealed  bands  of  segregated  beta 
structure  (Ref.  22). 
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Figures  41  and  42  are  an  S-N  curve  and  a  master  diagram,  respectively. 
Tor  unnotched  specimens  from  STA  forgings. 

A  limited  amount  of  fatigue  data  is  available  for  STA  forgings  tested 
under  combined  axial-tension  and  bending  stress.  S-N  behavior  for  unnotched 
specimens  with  axial-to-bend  stress  ratios  between  0  and  4  are  given  in 
Fig.  43. 

The  unnotched,  S-N  behavior  of  STA  extrusions  compared  with  plate 
and  forged  material  are  shown  in  Fig.  44  (Ref.  3).  The  scatter  in  this  data 
does  not  permit  definite  conclusions  to  be  drawn;  however,  a  trend  seems 
to  indicate  that  the  fatigue  life  of  the  extrusions  is  lower  than  that  for  forged 
and  plate  material.  The  same  investigator  found  that  the  notched  fatigue 
behavior  for  the  three  processing  methods  is  comparable  (Fig.  45). 

Additional  notched  fatigue  data  for  STA  extrusions  are  given  in  Fig.  46. 

Another  investigator  (Ref.  7),  however,  found  that  the  fatigue  behavior  of 
STA  extrusions  was  different  from  that  of  STA  forged  bar  (Fig.  47).  It 
is  also  evident  from  this  figure  that  the  fatigue  behavior  varied  with  the  posi¬ 
tion  in  the  extrusion. 

C.  THERMOMECHANICALLY  WORKED  (TMW)  CONDITION 

Table  IX  gives  the  fatigue  strength  of  Ti-6Al-6V-2Sn  that  has  been  thermo- 
mechanically  worked  by  forging  at  1725°F,  followed  by  water  quenching  (WQ)  and 
aging  at  1000°F  for  4  hr  before  air  cooling  (AC). 

The  unnotched,  S-N  curves  given  in  Figs.  48  and  49  are  for  low- 
and  high-cycle  behavior,  respectively.  The  low-cycle  fatigue  tests  were 
performed  under  a  constant  mean  stress  of  60  ksi.  The  unnotched  fatigue 
behavior  of  Ti-6Al-6V-2Sn  in  the  TMW  condition  is  similar  to  that  for  the 
STA-forged  condition  in  both  the  low-  and  high-cycle  ranges. 

The  notched,  S-N  behavior  of  TMW  forgings  is  given  in  Figs.  50  and 
51  for  the  low-  and  high-cycle  ranges,  respectively.  Figure  50  indicates 
that  the  TMW  condition  may  result  in  a  slightly  greater  low-cycle  fatigue 
life  than  the  standard  STA  forging. 


V.  HIGH-TEMPERATURE,  S-N  FATIGUE  BEHAVIOR 


Table  is  a  summary  of  Ti-6AI-6V-2Sn  high- temperature  fatigue 
behavior  in  both  the  annealed  and  STA  conditions.  The  unnotched  and 
notched  S-N  behavior  of  annealed  sheet  is  given  in  Fig.  52.  The  notched 
fatigue  behavior  at  450°F  is  about  20  ksi  lower  than  at  room  temperature 
inr  low-cycle  range.  At  higher  cycles,  the  difference  between  450°F  and 
room-temperature  fatigue  behavior  decreases. 

The  fatigue  behavior  of  annealed,  hot-rolled  bar  at  room  temperature 
and  at  600°F  is  given  m  Fig.  53,  with  and  without  1  percert  prestrain. 

Figure  54  gives  the  notched  fatigue  behavior  of  this  material  at  room 
temperature  and  at  600°F. 

The  fatigue  strength  of  annealed  extrusions  is  practically  identical 
ac  400  and  600°F  as  shown  in  Figs.  55  and  56.  Figure  57  is  a  single  master 
diagram  for  annealed  extrusions  at  both  test  temperatures. 

The  S-N  behavior  of  STA  forging  at  300°F  is  given  in  Fig.  58  for 
unnotched  specimens  tested  under  a  variety  of  combined  axial  and  bending 
stresses.  The  fatigue  behavior  at  300°F  is  not  too  different  from  that  at 
room  temperature.  The  difference  between  room -temperature  and  elev¬ 
ated  fatigue  behavior  becomes  noticeable  at  550°F  for  STA  forgings 
(Fig.  59).  - 

The  notched  fatigue  properties  of  STA  extrusions  at  400  and  550°F  are 
shown  in  Figs.  60  and  61.  The  differences  in  fatigue  life  for  this  material 
are  noticeable  only  in  the  low-cvlce  region  over  the  temperature  range  between 
room  temperature  and  550°F. 


VI.  CRACK- PROPAGATION  BEHAVIOR 


Crack  growth  for  annealed  sheet  material  is  given  in  Fig.  62  for  both 
air  and  salt  water  environments.  These  data  show  that  the  direction  of  testing, 
stress  ratio,  and  environment  have  a  significant  effect  on  crack-growth 
behavior.  The  crack-growth  rate  in  salt  water  is  greater  than  that  in  air.  In 
air,  the  greatest  crack-growth  rate  occurs  for  the  lowest  stress  ratio,  while 
in  salt  water,  the  highest  stress  ratio  results  in  a  very  rapid  increase  in 
growth  rate  with  increasing  stress  intensity. 

The  effect  of  stress  ratio  on  the  crack-propagation  rate  (da/dN)of  STA 

forgings  in  air  was  found  to  be  consistent  with  the  data  on  annealed  sheet. 

Figure  63  shows  that  lower  stress  ratios  resulted  in  greater  crack-propagat- 

1/2 

ion  rates,  at  least  up  to  stress  intensities  of  18  ksi(in. )  .  The  absolute 

growth  rates  of  annealed  sheet  and  STA  forging,  however,  are  quite  different, 
as  shown  by  a  comparison  of  Figs.  62  and  6?. 
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VII.  COMPARISON  OP  Ti-6Al-6V-2Sn  FATIGUE  PROPERTIES 
WITH  OTHER  TITANIUM  ALLOYS 


The  room-temperature,  unnotched  S-N  properties  of  Ti-6A1-4V  plate 

in  the  STA  condition  and  Ti-6Al-6V-2Sn  plate  in  the  annealed  condition  for 

a  variety  of  stress  ratios  are  compared  in  Fig.  64.  These  data  show  that 

the  fatigue  properties  of  Ti-6Al-6V-2Sn  exceed  those  of  Ti-6A1-4V  in  the 

5 

low-cycle  range  (to  -10  cycles),  but  the  opposite  is  true  in  the  intermediate 
5  7 

cycle-range  (10  to  10  cycles).  This  comparison  is  important  because 
Ti-6Al-6V-2Sn  in  the  annealed  condition  has  mechanical  properties  similar  to 
Ti-6A1-4V  in  the  STA  condition  and  can  be  considered  as  an  alternative 
material  in  some  applications.  The  room-temperature,  unnotched  S-N  proper¬ 
ties  of  STA  forgings  are  compared  for  different  titanium  alloys  in  Fig.  65. 

In  this  case,  Ti-6Al-6V-2Sn  appears  to  be  superior  to  Ti-6A1-4V  over 
almost  the  entire  cycle  range.  This  conclusion  also  applies  to  the  notched 
fatigue  behavior  of  forged  titanium  alloys  in  the  STA  condition  as  shown  in 
Fig.  66. 

The  room-temperature  fatigue  properties  of  STA  extrusions  are  shown 
in  Fig.  67  for  unnotched  specimens  and  in  Fig.  68  for  notched  specimens. 

The  unnotched  fatigue  life  of  Ti-6A1-4V  exceeds  that  of  Ti-6Al-6V-2Sn  to 
just  above  2  million  cycles.  The  notched  fatigue  life  of  Ti-6A1-4V  exceeds 
that  of  Ti-6A1  -6V~2Sn  over  the  entire  cycle  range. 

Unnotched  S-N  fatigue  data  for  STA  Ti-6Ai-4V  and  Ti-6Al-6V-2Sn 
forgings  at  550°F  are  given  in  Fig.  69.  Ti-6Ai-6V-2Sn  has  the  greater 
fatigue  life. 

The  fatigue  crack-growth  behavior  of  a  number  of  titanium  alloys, 
including  Ti-6Al-6V-2Sn  and  Ti-6A1-4V,  is  presented  in  Fig.  70.  Almost 
all  of  the  data  fall  within  a  single  scatter  band  with  the  exception  of 
Ti-6Al-6V-2Sn,  which  has  a  somewhat  greater  growth  rate  than  the  others. 
When  tested  in  salt  water,  however,  Ti-6Al-6V-2Sn  appears  to  fall  within  the 
air-environment  scatter  band  of  the  other  titanium  alloys  (Fig.  71).  This 
suggests  that  Ti-6Al-6V-2Sn  has  a  lower  crack-growth  rate  in  salt  water  than 
in  air.  This  conclusion  is  not  consistent  with  other  data  reported  in  this 
report  (Refs.  10  and  12). 
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VIII.  CONCLUSIONS 


Most  of  the  Ti-6Al-6V-2Sn  fatigue  data  are  for  room  temperature,  S-N 
behavior  in  air.  Some  high-temperature,  S-N  data  (to  600°F)  are  also  available, 
but  no  low- temperature  results  have  been  reported.  Information  pertaining 
to  crack-propagation  behavior  in  air  and  salt  water  is  limited. 

Both  material  form  and  thickness  influence  the  fatigue  properties  of 
STA  and  annealed  Ti-6Al~6V-2Sn.  Sheet  material  has  the  highest  strength, 
but  plate  and  forgings  have  similar  strengths.  Extrusion  material  has  a  some¬ 
what  lower  fatigue  strength  than  plate  and  forging.  Thick-plate  specimens 
have  a  lower  fatigue  strength  than  thin-plate  specimens. 

Oxygen  content  in  the  range  between  0.  1  and  0.  2  percent  definitely 
effects  fatigue  properties.  Longer  fatigue  life  occurs  in  low -oxygen  (0.  1 
percent)  rather  than  in  standard  (0.  16  percent)  or  high-oxygen  (0.  2  percent) 
material,  especially  in  the  notched  specimens. 

F atigue  strength  at  temperatures  to  606°P  is  considerably  lower  than 
at  room  temperature  in  the  low-cycle  range  (to  10^  cycles).  In  the  high 
cycle  range,  only  relatively  small  differences  in  fatigue  strength  are  found 
between  room-temperature  and  high- temperature  tests. 

The  crack-propagation  rate  of  annealed  and  STA  Ti-6Al-6V-2Sn  in 
air  depends  upon  stress  ratio.  The  greatest  crack-growth  rate  in  air  occurs 
at  the  lowest  stress  ratio. 

There  is  conflicting  data  on  the  effect  of  salt  water  on  the  crack-growth 
rate  of  T1-6A1 -6V-2Sn. 

Ti-6Al-6V-2Sn  S-N  behavior  generally  exceeds  that  for  other 
titanium  alloys,  including  Ti-6Al-4V. 
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Table.  I.  Comparison  of  Ti-6A1  -6V-2Sn  and  Ti-6A1-4V 
Mechanical  Properties 

Annealed  Condition  STA  Condition 

Property  Ti-6A1  -6V-2Sn  Ti-6A1-4V  Ti-6Al-6V-2Sn  Ti-6A1-4V 


Ultimate  Strength, 
ksia 

155 

125 

170 

160 

0.  2  percent  Offset 

Yield  Strength, 
ksia 

145 

115 

160 

145 

Elongation, 

percent 

10 

12 

8 

8 

Plane  strain 

fracture  toughness 

(KIc),  ksi/(in.)i/2 

35 

105 

31 

55 

Based  on  minimum  guaranteed  properties  (Ref.  24) 


Table  IV.  Material  Properties  for  Annealed  Condition 
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Table  VII.  Ti-6Ai-6V-2Sn  Maximum  Stress  for  iO^  ( 
F atigue  Life  in  Annealed  Condition  (Continued) 
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Fig.  5.  Unnotched,  S-N  Behavior  of  Annealed  Sheet  (R  =  0.  25,  Material  No.  3,  Ref.  15) 


Fig.  6.  Master  Diagram  of  Unnotched,  Annealed  Sheet  (Material  No.  3,  Ref.  15) 


=  0.3 


Unnotched,  S-N  Behavior  of  Annealed  Plate  (Material  No.  6,  Ref.  ZO) 


Fig,  9.  Notched,  S-N  Behavior  of  Annealed  Plate  (KT  =  3,  Material  No.  6,  Ref,  20) 


ERIAL  NO.  7 
'ER1AL  NO.  4 
TER  LONGITUDINA! 
ITER  TRANSVERSE 


ted  and  Unnotched,  S-N  Behavior  of  Annealed  Plate  (Ref.  1) 
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Fig.  il.  Master  Diagram  of  Unnotched,  Annealed  Plate  (Material  No.  5,  Ref.  15) 
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Unnotched,  S-N  Behavior  of  Annealed  Forgings  Tested  in  the  Longitudinal 
Direction  (R  =  -1,  Material  No.  11,  Ref.  4) 
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Fig.  13.  Unnotched,  S-N  Behavior  of  Annealed  Forgings  Processed  in  the  Beta  and 
Alpha-Beta  Fields  (R  =  0.  1,  Ref.  16) 


Fig.  14.  (Jnnotched,  S-N  Behavior  of  Annealed  Forgings  Tested  in  the  Longitudinal 
Direction  (R  =  0.  1,  Material  No.  11,  Ref.  4) 


CO 

O 


in 

O 


co 

UJ 

_J 

CJ> 

>- 

CJ> 


ro 

O 


O  O 

co  ^r 


o  o 

CV)  O 


O  O  o 

co  co  <3- 


!S)i  ‘SS3diS  1W1WIXVW 


— i —  j 

o 

00 


c\j 

o 


-50- 


5ig.  16.  Notched,  S-N  Behavior  of  Annealed  Forgings  Tested  in  the  Longitudinal 
Direction  (KT  =  3,  R  =  0.  1,  Material  No.  11,  Ref.  4) 


Notched,  S-N  Behavior  of  Annealed  Forgings  Tested  in  the  Short  Transvers 
Direction  (K  =3,  R  =  0.  1.  Material  No.  11,  Ref.  4) 


Fig.  20.  Notched,  S-N  Behavior  o£  Annealed  Forgings  Tested  in  the  Longitudinal 
Direction  (K^  =  5,  R  =  -1,  Material  No.  11,  Ref.  4) 


Notched,  S-N  Behavior  of  Annealed  Forgings  Tested  in  the  Longitudinal 
Direction  (K„  =5,  R  =  0.  1,  Material  No.  11,  Ref.  4) 
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Fig.  25.  Master  Diagram  of  Notched,  Annealed  Extrusions  (KT  =  2.  76,  Material  No.  12, 
Ref.  22) 
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Fig.  26.  Unnotched,  Fatigue  Strength  of  Ti-6Al-6V-2Sn  m 
the  STA  Condition 
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Fig.  27.  Notched,  Fatigue  Strength  of  Ti-6Al-6V-2Sn  in  the  STA  Condition  (K, 


MAXIMUM  STRESS,  ksi 
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Fig.  29.  Unnotched,  S-N  Behavior  of  STA  Plate  (Material  No.  16, 
Ref.  15) 
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F,ig.  31.  Master  Diagram  of  Unnotched,  STA  Plate  (Material  No.  17, 
Ref.  20) 


32.  Master  Diagram  of  Unnotched,  STA  Plate  (Material  No.  16,  Ref.  15) 


33.  Notched,  S-N  Behavior  of  STA  Plate  (KT  =  3,  Material 


Fig.  34.  Master  Diagram  of  Notched,  STA  Plate  (KT  =  3,  Material  No.  17,  Ref.  20) 
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Notched  and  XJnnotched,  S-N  Curves  for  STA  Plates  of  Different  Oxyg< 


Notched  and  Unnotched,  S-N  Behavior  of  STA,  2 -in.  Plate  (Mate 
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Fig.  37.  Unnotched,  S-N  Behavior  of  STA  Forgings  (R  =  0.  1,  Refs.  5  and  6) 


'tched  and  Unnotched,  S-N  Behavior  of  STA  Forgings  Processed 
the  Alpha  and  Alpha-Beta  Fields  <R  =  0.  1,  Material  No.  26, 


Notched  and  Unnotched',  S-N  Behavior  of  STA  Billet  and  Component  Forgings 
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Unnotched,  S-N  Behavior  of  STA  Extrusions  Compared  With  Pl?*e  and  Forging 
(R  =  0.  1,  Material  No.  33,  Ref.  3) 
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Fig.  47.  Notched,  S-N  Behavior  of  STA  Extrusions  Compared  With 
Bar  (Kt  =  3.  3,  R  =  0.  1,  Material  No.  34,  Ref.  7) 


Fig.  48.  Unnotched,  S-N  Behavior  of  TMW  Material  Compared  With  STA  Forgings  (Constant 
Mean  Stress  =  60  ksi,  Material  No.  37,  Ref.  19) 


Unnotched,  S-N  Behavior  of  TMW  Forgings  (R  =  -1,  Material  No.  37,  Ref.  18) 


Fig.  50.  Notched,  S-N  Behavior  of  TMW  Forgings  Compared  With  STA  Forgings 
(Material  No.  37,  Ref.  18). 


Notched,  S-N  Behavior  of  TMW 


Fig.  53.  Unnotched, S- N  Behavior  for  Annealed  Bar  at  Room  Temperature  and  600 
(Material  No.  8,  Ref.  9) 


AXIAL  /U8END  “ 


Unnotched,  S-N  Behavior  of  STA  Forgings  Tested  Under  Combined 
Axial  and  Bending  Stress  at  300°F  (Material  No.  29,  Ref  14) 


Unnotched,  S-N  Behavior  of  STA  Forgings  at  550°F  (Material  No.  28 


Fig.  60.  Notched,  S-N  Behavior  of  STA  Extrusions  at  400°F 
Material  No.  33,  Ref.  8) 


Fig.  6l.  Notched,  S-N  Behavior  of  ST  A  Extrusions  at  550°  F  {K, 
Material  No.  33,  Ref.  8} 
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Fig.  62.  Crack  Growth  of  Annealed  Sheet  in  Air 


iTig.  63.  Crack-Growth  Behavior  of  ST  A  Forging  (Material  No.  22,  Ref.  11) 


Fig.  64.  Unnotched,  S-N  Behavior  of  Ti-6A1  -4V  Plate  at  Room  Tem¬ 
perature  in  the  STA  Condition  Compared  With  Ti-6Ai-6V-2Sn 
Plate  in  the  Annealed  Condition  (Ref.  21) 
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Notched,  S-N  Behavior  of  ST  A  Forgings  Compared  With  Various  Titanium 
Alloys  (K™  =3,  R  -  0.  1,  Ref.  23) 
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Fig.  69.  Unnotched,  S-N  Behavior  of  Ti-6A1-4V  STA  Extrusions  Compared  With 
Ti-6Al-6V-2Sn  (R  =  0.  1,  Ref.  23) 
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Fig.  71.  Log-Log  Plot  of  Crack  Growth  Versus  Total-Strain  Rang 
for  Titanium  Alloys  in  a  3.  5  percent  Salt-Water  Environ 
ment.  (The  scatter  band  limits  are  reproduced  from  the 
air  environment  data  plot  for  reference.)  (Material  No. 
36,  Refs.  12  and  13) 
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